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Resumo: 
 A proposta deste estudo foi avaliar, histomorfometricamente, a utilização da 
matriz de colágeno (MC) e / ou derivado da matriz do esmalte (EMD) para o 
tratamento de defeitos de recessão do tipo deiscência em minipigs. Oito minipigs 
BR-1 adultos machos, saudáveis e sem doença periodontal foram tratados. A cirurgia 
para a criação de defeitos do tipo deiscência foi realizada, na face vestibular dos pré-
molares inferiores, direito e esquerdo (PI e PII). Após 30 dias, os defeitos foram 
distribuídos aleatoriamente em 4 grupos: RPC (Retalho posicionado 
coronariamente); RPC + MC; RPC + EMD e RPC + CM + EMD (boca dividida). Os 
parâmetros avaliados (mm) foram: Extensão total do defeito (ETD); Novo cemento 
(NC); Novo osso (NB); Posição da margem gengival (PMG); Extensão total do 
epitélio (ETE); epitélio na raiz (ER); Adaptação conjuntiva (AC) e a Espessura de 
tecido mole (ETM). Após 3 meses de cicatrização, foi observada uma maior 
espessura de tecido mole para o grupo RPC+ MC+EMD (1,5 ± 0,33) quando 
comparado com os resultados dos outros grupos [1,09 ± 0,26 (RPC + EMD); 1,04 ± 
0,34 (RPC+MC) e 1,14 ± 0,29 (RPC), p = 0,03]. Os grupos tratados com EMD 
mostraram um extensão linear maior de novo cemento [ 4,13 ± 1,22 (RPC + EMD); 
3,95 ± 1,11 (RPC +MC+EMD); 2,94 ± 0,77 (RPC + MC) ; 2,72 ± 0,81 (RPC), p = 
0,02] e novo osso [ 3,21 ± 0,68 (RPC + MC + EMD); 3,01 ± 0,56 (RPC + EMD); 
2,15 ± 0,47 (RPC + MC); 2,29 ± 0,8 2 (RPC), p = 0,005]. Os grupos RPC e 
RPC+MC mostraram uma extensão epitelial superior quando comparado aos grupos 
tratados com EMD. Os resultados do presente estudo indicaram que o uso do EMD, 
independente da combinação com CM, pode melhorar o padrão de cicatrização 
(regeneração periodontal) de defeitos do tipo deiscência neste modelo animal. 
 
Palavras-chave: Periodontia, Cirurgia plástica, Regeneração tecidual guiada 
periodontal. 
 
 
 
 
  
Abstract: 
 The purpose of this study was to evaluate, histomorphometrically, the 
use of collagen matrix (CM) and/or enamel matrix derivative (EMD) for the 
treatment of dehiscence-type defects in minipigs. Eight healthy, male, young 
BR-1 minipigs, with no periodontal disease were treated. Bilateral 
dehiscence-type defects were surgically created on the buccal of the 
mandibular premolars (PI and PII). After 30 days, the defects were randomly 
assigned to 4 groups: CAF (coronally advanced flap); CAF + CM; CAF + 
EMD and CAF + CM + EMD (split-mouth design). The evaluated parameters 
(mm) were: total defect length (TDL); new cementum (NC); new bone (NB); 
gingival margin position (GMP); total epithelium length (TEL); epithelium on 
the root (ER); connective tissue adaptation (CA) and soft tissue thickness 
(STT). After 3 months of healing, a superior soft tissue thickness was 
observed for CAF+CM+EMD group (1,5 ± 0,33) when compared with other 
groups [1,09 ± 0,26 (CAF+EMD); 1,04 ± 0,34 (CAF+CM) and 1,14 ± 0,29 
(CAF+CM), p=0.03]. The EMD-treated groups showed a superior length of 
new cementum [4.13 ± 1.22 (CAF+EMD); 3,95 ± 1,11 (CAF+CM+EMD); 
2,94 ± 0,77 (CAF+CM); 2,72 ± 0,81 (CAF), p=0.02] and new bone [3,21 ± 
0,68 (CAF+CM+EMD); 3,01 ± 0,56 (CAF+EMD); 2,15 ± 0,47 (CAF+CM); 
2,29 ± 0,82 (CAF), p=0.005]. The CAF and CAF+CM groups showed a 
superior epithelial length when compared to EMD-treated groups. The results 
of the present study indicate that EMD application, irrespective of the 
combination with CM, may improve the healing pattern (periodontal 
regeneration) of dehiscence-type defects in this animal model.  
 
Key words: Periodontics, Plastic surgery, Periodontal guided tissue regeneration. 
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1. INTRODUÇÃO: 
Diversas técnicas cirúrgicas foram desenvolvidas na tentativa de alcançar 
cobertura radicular completa. De acordo com a literatura, o enxerto de tecido 
conjuntivo (ETC) é consolidado como padrão-ouro em termos de resultados 
mais satisfatórios e previsíveis para o recobrimento radicular (Chambrone & Tatakis, 
2015). No entanto, a obtenção do enxerto subepitelial autógeno pode ser um 
problema, devido à quantidade tecidual insuficiente no local doador como também 
pela opção do paciente evitar a morbidade e a dor associadas a um segundo local 
cirúrgico (Griffin et al, 2006; Aroca et al, 2013).  
              A matriz de colágeno de origem porcina (MC)+ consiste em duas camadas 
funcionais: uma camada compacta que deve fornecer estabilidade e uma camada 
esponjosa que pode auxiliar na estabilização do coágulo sanguíneo e no crescimento 
das estruturas dos tecidos adjacentes. Em um estudo prévio com minipigs, pôde ser 
histologicamente observado durante as primeiras 2 semanas a presença da MC junto 
aos tecidos cicatriciais e após 30 dias ela foi completamente incorporada ao tecido 
conjuntivo remanescente (Rocchieta et al, 2012). Os resultados histológicos e 
clínicos do uso da MC em combinação com o retalho posicionado coronariamente 
(RPC) em de recessões gengivais de classe I de Miller localizadas, foram descritos 
também em um modelo de animais suínos (Vignoletti et al, 2011). Os autores 
relataram que ambas as técnicas forneceram cobertura radicular completa, porém o 
grupo tratado com MC mostrou uma extensão epitelial mais curta e uma maior 
formação de novo cemento. Eles também observaram que a MC parecia estar 
incorporada nos tecidos adjacentes e sem inflamação significativa. 
              Outro material que foi avaliado como alternativa terapêutica para recessões 
gengivais é o derivado de matriz do esmalte (EMD) ++.  O EMD é um gel composto 
de proteínas em que 90% da composição é a amelogenina, que têm a capacidade de 
mimetizar os eventos que ocorrem na odontogênese, que podem favorecer a indução 
da regeneração de tecidos periodontais perdidos (Hammarström, 1997).  Estudos 
experimentais anteriores em animais confirmaram que o uso do EMD mostra a 
possibilidade da formação novo cemento, ligamento periodontal e osso alveolar 
(Corrêa et al, 2012; Koop et al, 2012; Sculean et al, 2008; Sallum et al, 2004; 
Rasperini et al, 2000; Fujita et al., 2011), além da capacidade de promover melhorias 
estéticas na cicatrização de tecido mole (França-Grohmann, 2019). 
+Geistlich Mucograft→, Geistlich Pharma AG, Wolhusen, Switzerland 
++ Emdogain ® (EMD) - Straumann AG, Basel, Suíça 
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              Considerando as características da MC e do EMD, nosso grupo de pesquisa 
testou a hipótese de que sua combinação poderia promover resultados clínicos 
superiores em procedimentos com a finalidade de cobertura radicular. Os resultados 
clínicos e relatados pelos pacientes de um ensaio clínico randomizado já foram 
publicados anteriormente (Sangiorgio et al, 2017; Santos et al, 2017, 
respectivamente), e agora, o presente estudo mostrará os resultados da terceira parte 
(histológica) realizada em um modelo animal suíno, incluindo os mesmos grupos de 
tratamento do estudo clínico.  Portanto, a proposta deste estudo foi avaliar, 
histomorfometricamente, o padrão de cicatrização de defeitos do tipo deiscência 
tratados com um retalho posicionado coronariamente associado à matriz de colágeno 
porcino e / ou derivado da matriz de esmalte. 
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Abstract: 
Background: This study aimed to evaluate, histomorphometrically, the use of 
collagen matrix (CM) and/or enamel matrix derivative (EMD) for the treatment of 
dehiscence-type recession defects in minipigs. 
Methods: Eight healthy, male, young BR-1 minipigs, with no periodontal disease 
were treated. Bilateral dehiscence-type defects were surgically created on the buccal 
of the mandibular premolars (PI and PII). After 30 days, the defects were randomly 
assigned to 4 groups: CAF (coronally advanced flap); CAF + CM; CAF + EMD and 
CAF + CM + EMD (split-mouth design). The evaluated parameters (mm) were: total 
defect length (TDL); new cementum (NC); new bone (NB); gingival margin position 
(GMP); total epithelium length (TEL); epithelium on the root (ER); connective tissue 
adaptation (CA) and soft tissue thickness (STT). 
Results: A superior soft tissue thickness was observed for CAF+CM+EMD group 
(1,5 ± 0,33) when compared with other groups [1,09 ± 0,26 (CAF+EMD); 1,04 ± 
0,34 (CAF+CM) and 1,14 ± 0,29 (CAF+CM), p=0.03]. The EMD-treated groups 
showed a superior length of new cementum [4.13 ± 1.22 (CAF+EMD); 3,95 ± 1,11 
(CAF+CM+EMD); 2,94 ± 0,77 (CAF+CM); 2,72 ± 0,81 (CAF), p=0.02] and new 
bone [3,21 ± 0,68 (CAF+CM+EMD); 3,01 ± 0,56 (CAF+EMD); 2,15 ± 0,47 
(CAF+CM); 2,29 ± 0,82 (CAF), p=0.005]. The CAF and CAF+CM groups showed a 
superior epithelial length when compared to EMD-treated groups, with 3 months of 
tissue healing. 
Conclusions: The results of the present study indicate that EMD application, 
irrespective of the combination with CM, may improve the healing pattern 
(periodontal regeneration) of dehiscence-type defects in this animal model.  
 
Key words: Periodontal regeneration, biomaterial, gingival recession, animal model. 
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Introduction: 
 
  Many surgical therapeutic approaches have been developed in the attempt of 
achieve complete root coverage. According to the literature, the connective tissue 
graft procedure (CTG) is consolidated as a gold standard in terms of the most 
satisfactory and predictable results for root coverage (Chambrone & Tatakis, 2015). 
However, harvesting the autogenous subepithelial graft may be a problem 
sometimes, because of insufficient tissue thickness at the donor site or the patient's 
choice to avoid the morbidity and pain associated with a second surgical site (Griffin 
et al, 2006; Aroca et al, 2013).  
 The xenogenous collagen matrix (CM)+ consists of two functional layers: a 
compact layer that should provide stability and a spongy layer that may favor blood 
clot stabilization and ingrowth of the components from adjacent tissues. In a study 
using pigs, CM could be histologically observed for the initial 2 weeks and was 
completely replaced by connective tissue after 30 days (Rocchieta et al, 2012). The 
histological and clinical outcomes of CM use in association with the coronally 
advanced flap (CAF) for localized Miller class-I gingival recessions have been 
described in a pig model (Vignoletti et al, 2011). The authors reported that both 
techniques provided complete root coverage but CM treated group was associated 
with a shorter epithelium and more new cementum formation. CM seemed to be 
incorporated within the adjacent tissues without significant inflammation (Vignoletti 
et al, 2011). 
 Another material that has been considered as a great alternative to the 
treatment of gingival recessions, is enamel matrix derivative (EMD). The EMD is 
composed of different proteins, 90% are considered to be amelogenins, which have 
the ability to induce regeneration of periodontal tissues (Hammarstrom, 1997). 
Previous experimental studies in animals have addressed the use of EMD showing 
the possibility of new cementum, periodontal ligament and alveolar bone formation 
(Correa et al, 2012; Koop et al, 2012; Sculean et al, 2008; Sallum et al, 2004; 
Rasperini et al, 2000, Fujita et al, 2011), in addition to promoting esthetic 
improvements in soft tissue healing (França-Grohmann et al, 2019). 
 Considering the characteristics of CM (blood clot stabilization/tissue 
ingrowth) and EMD (biological effect favoring periodontal regeneration), our group 
tested the hypothesis that their combination could promote superior clinical results in 
root coverage procedures. The clinical outcomes and patient-reported outcomes of a 
+Geistlich Mucograft→, Geistlich Pharma AG, Wolhusen, Switzerland 
++ Emdogain ® (EMD) - Straumann AG, Basel, Suíça 
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randomized clinical trial have been previously published (Sangiorgio et al, 2017; 
Rocha dos Santos et al, 2017, respectively). The present study constitutes the third 
part conducted in an animal model (including the same treatment groups) in order to 
explore possible histological differences and complement the clinical information. 
Therefore, the goal of the present study is to evaluate, histomorphometrically, the 
healing pattern of dehiscence-type defects treated with a coronally positioned flap 
associated with porcine collagen matrix and/or enamel matrix derivative. 
 
Material and Methods: 
 
Animals: 
Eight healthy male minipigs BR-1 (approximately 2 years old – weighing 55 
to 60 kg), showing no periodontal disease were purchased for the study. The animals 
were kept in pairs, at the animal housing of the Piracicaba Dental School, receiving 
unrestricted water and two daily meals of soft porcine feed (2% of the weight of each 
animal). This study has been approved by the Ethical Committee on the use of 
animals for research purposes – State University of Campinas (#3129-1). ARRIVE 
(Animal Research: Reporting In Vivo Experiments) guidelines checklist has been 
followed. 
Preoperative phase: 
One month of acclimatization period was allowed for the animals prior to the 
experimental phase. After this period, the preoperative phase consisted of supra and 
subgingival calculus removal with hand curettes and ultrasonic debridement. The 
procedures of this phase and the subsequent surgical procedures were all performed 
under general anaesthesia and sterile conditions in an operating room (Piracicaba 
Dental School) using Isofluorane and oxygen with a mechanical respirator 
throughout the procedures. The animals have been previously sedated, using a 
cocktail with midazolam 0.5mg/kg and ketamine 5mg/kg (intramuscular). The 
anaesthesia was induced with Propofol (10 mg/mL, 0.6 mL/kg). The animals were 
intubated and cardiorespiratory function monitored during the procedures. As 
preoperative medication, the animals received a dose of intramuscularly administered 
dexamethasone (0.2 mg/kg - single dose). All health care parameters were monitored 
by a veterinarian with experience in surgeries with pigs. 
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Experimental phases: 
Defect creation 
Two weeks after preoperative phase, the animals were submitted to the 
surgeries for defect creation. The procedure has been previously described (Núñez et 
al, 2009; Vignoletti et al, 2011). Briefly, after a sulcular incision, a full-thickness flap 
was raised on first and second mandibular pre-molars area (PI and PII) in order to 
expose the buccal alveolar bone (Fig. 1A). Using bone chisels, the bone was 
removed apically to the cemento-enamel junction of PI and PII to create bilateral 
dehiscence-type defects measuring 5 mm in depth and 4 mm in width (Fig.1B). The 
flap was moved apically and stabilized with sutures, exposing the root surface (Fig 
1c).  
Defect coverage procedure 
After one month of defect creation the treatment of the 
recessions/dehiscences (Fig.1D) were performed. Once the animals were 
anesthetized, two horizontal beveled incisions were drawn mesial and distal to the 
defects, 1–2 mm coronal to the most apical portion of the soft tissue recession defect. 
Vertical releasing incisions were made through the alveolar mucosa. The flap was 
elevated following a split-full-split thickness approach in a corono-apical direction. 
Two notchs were then prepared with a diamond round bur on the root surface under 
abundant irrigation, one at the level of the cementum-enamel junction (coronal 
notch) and the other at the level of bone crest. The mesial and distal papillae below 
the horizontal incisions were de-epithelized and the root surface was mechanically 
debrided with curettes. At this point of the procedure, the defects were randomly 
assigned to receive the treatments. The block randomization procedure was 
performed using computer-generated lists, first to randomize the side receiving EMD 
and second the position of the treatment in each side. The following treatments were 
performed: 
1- CAF: root surface instrumentation + coronally positioned flap (CAF); 
2- CAF + CM: root surface instrumentation + CAF + collagen matrix (CM+); 
3- CAF + EMD: root surface instrumentation + CAF + enamel matrix 
derivative (EMD++); 
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4- CAF + CM + EMD: root surface instrumentation + CAF + CM + EMD; 
  
In all groups, the flaps were coronally advanced and fixed using marginal 
direct sutures on the vertical releasing incisions and a final sling suture to adapt the 
flap in the cervical region of the tooth at the inter-dental papillae (Fig.2). In the sites 
receiving CM, the matrix of the desired defect dimensions was trimmed and placed 
over the defect and sutured independently of the flap, with the spongy surface in 
contact with the bone and the tooth.  Finally, interrupted sutures were performed to 
position the flap coronal to the CEJ using polyglactin suture 5/0’’ (Fig. 2A/2D). In 
the sites receiving EMD, it was applied and left on a dried root surface for at least 
2min (Fig. 2B/2C). In the combination group (CAF+CM+EMD), first the matrix was 
secured then it was raised to allow EMD application on root surface (Fig. 2C). After 
that, CM was placed back to its position and the flap was sutured (Fig. 2D). 
Postoperative phase/healing period 
In the postoperative period, the animals received intramuscular dipyrone 
(25mg/kg every 12 hours for 3 days) for pain control. Postoperative plaque control 
was performed by irrigation with a solution of 1% chlorhexidine digluconate twice a 
week. After 3 months, the animals were anesthetized and submitted to euthanasia 
with an association of ketamine (5mg/kg) and midazolam (0.5mg/kg) intramuscular. 
Vascular access was obtained for administration of propofol (8mg/kg) and morphine 
(0.5mg/kg) to obtain deep anaesthesia and potassium chloride (10 mL) was 
administered.  The blocks were obtained for histological processing and analysis. 
Histological Processing 
 The arches were dissected, divided into blocks containing the experimental 
sites and decalcified in Morse solution for 5 months. The specimens received routine 
histological processing, with dehydration, diaphanization and paraffin inclusion. The 
blocks were sectioned with a thickness of 6µm following a buccolingual orientation. 
Three sections were selected from the medium portion of the defects and stained with 
hematoxylin and eosin and Masson’s trichrome. 
For the histometric analysis, the slides were coded, aiming at the blinding of 
the evaluator for the study groups. The histometric evaluation was performed on 
digitalized images of the selected histological slices, obtained with a digital camera 
+Geistlich Mucograft→, Geistlich Pharma AG, Wolhusen, Switzerland 
++ Emdogain ® (EMD) - Straumann AG, Basel, Suíça 
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(Leica DFC-280, Japan) coupled to a microscope (Zeiss MC 80 DX, Germany), 
using a 2.5x objective. Measurements were performed using a computerized image 
analysis system (Image Pro Plus 3.0, Media Cybernetics, Silver Spring, Maryland). 
The histometric parameters (Fig. 3) were measured by a blinded and calibrated 
examinator (ILFG) in the selected slices and the averages for the parameters were 
obtained for the site using the values of the three sections. The following linear 
parameters (in mm): 
Gingival margin position (GMP) - distance from the gingival margin to the 
coronal notch (CEJ). Negative values would mean that the gingival margin was 
apically positioned in relation to the coronal notch.  
Total epithelium length (TEL) - distance from the gingival margin to the 
apical limit of the junctional epithelium. 
Epithelium on the root (ER) - measured from the coronal notch to the apical 
limit of the junctional epithelium (epithelium length on the radicular defect) 
Connective adaptation (CA) - distance between the apical extent of the 
junctional epithelium and coronal extent of newly formed cementum. 
Soft tissue thickness (STT) - distance from the external gingival surface to the 
tooth surface, measured at the level 1mm below the coronary notch. 
New cementum (NC) - distance from the apical extent of apical notch to the 
coronal extent of newly formed cementum on denuded root surface. 
New bone (NB) - distance from the apical extent of the apical notch to the 
coronal extent of newly formed alveolar bone. 
Total defect length (TDL) - distance between the apical notch and the coronal 
notch. 
Statistical analysis 
Descriptive statistical analysis was expressed as mean ± standard deviation, 
confidence intervals (95%). The treatments were compared by means of analysis of 
variance. Initially, the diagnosis was made to analyze the normality of the residue by 
the Shapiro-Wilk test. Normality was detected. One-way ANOVA was performed 
and multiple comparisons were made using the Dunnett test. A significance level of 
5% was adopted for all tests (p < 0.05). 
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Results:  
Clinical observations 
The healing for the experimental sites was uneventful. Complete root 
coverage was obtained in all sites in the four treatment groups.  At the end of the 
healing period, soft tissues had totally healed and exhibited no clinical signs of 
inflammation (Fig. 2F).  
Histological observations 
 After 3 months of healing, the results from the histological evaluation are 
illustrated in Figure 4. All the groups showed complete healing, with adequate 
maturation and fiber orientation. The presence of a junctional epithelium and a 
continuous layer of new cementum was observed in the specimens of all groups 
extending coronally to a varying degree. No remnants of CM could be distinguished 
in the gingival connective tissue of sites of CAF+CM and CAF+CM+EMD. The 
periodontal ligament between new cementum and new alveolar bone showed 
fibroblasts, functionally oriented collagen fibers, and a relatively large number of 
blood vessels in all groups. Areas of connective tissue adjacent to the root surface 
without cementum formation were limited in all groups. Bone formation was more 
evident in the CAF+EMD and CAF+CM+EMD groups. Ankylosis was not observed.  
Histometric parameters:  
 The results from the histometric evaluation are showed in Table 1, Graphic 1 
and Figure 4. No statistically significant differences were observed for the length of 
the created defect among the groups. The gingival margin was coronally located in 
relation to the coronal notch for all groups however the CAF+CM+EMD group 
showed the most coronal position for gingival margin (GMP) when compared to the 
other groups (p<0.05). Regarding epithelial length, CAF and CAF+CM presented 
greater values when compared to CAF+EMD and CAF+CM+EMD, for the two 
epithelium parameters: total epithelium length (TEL) and epithelium on the root (ER) 
(p<0.05). No statistically significant differences for these two parameters were 
observed between CAF+EMD and CAF+CM+EMD.  The soft tissue thickness was 
greater for the combined treatment group (CAF+CM+EMD) when compared to the 
other 3 groups (p<0.05). No statistically significant differences were observed among 
the groups for connective tissue adaptation. The EMD-treated groups (CAF+EMD 
and CAF+CM+EMD) presented a superior length of new cementum formation when 
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compared to CAF and CAF+CM (p<0.05), but with no significant differences 
between them. New bone formation was also greater for the EMD-treated groups 
when compared to the other 2 groups (CAF and CAF+CM) (p<0.05), but no 
statistically significant differences for new bone were observed between CAF+EMD 
and CAF+CM+EMD. 
 
Discussion:  
  The goal of regenerative therapy is to restore the original tissue architecture, 
that is, the formation of new periodontal ligament, cementum and alveolar bone 
(Heden et al, 1999; Pontorieiro et al, 1999). When treating gingival recessions, the 
main goals are to achieve the esthetic coverage of the exposed root surface and 
resolution of dentin sensitivity (if present). However, the ultimate goal would be to 
combine this ideal esthetic result with a healing pattern directed to periodontal 
regeneration. The use of devices and biomaterials such as collagen matrix (CM) and 
enamel matrix derivative (EMD), may be considered alternatives for the use of 
autogenous subepithelial connective tissue grafts. CM may function as a matrix 
designed for soft-tissue regeneration and treatment of gingival recession defects 
(Vignoletti et al, 2011). An additional intention with CM use is to explore a possible 
barrier effect preventing the initial proliferation and colonization of epithelial cells in 
the defect, giving rise to the cells of the periodontal tissue in order to achieve proper 
regeneration while EMD gel may mimic the embryonic stages of odontogenesis 
(Gestrelius et al, 1997) with rapid adsorption to the root surface (Miron et al, 2012), 
favoring periodontal regeneration. In a previous in vitro study, it was shown that 
osteoblastic cells in contact with EMD may secrete a greater amount of OPG 
(osteoprotegerin) and lower RANKL (Receptor activator of nuclear factor kappa-
Β ligand), which interferes in the bone resorption pathway, promoting a favorable 
micro-environment for bone formation (Galli et al, 2006). Considering the 
characteristics of CM and EMD, our group tested the innovative hypothesis that their 
combination could promote superior clinical outcomes in root coverage procedures. 
The clinical outcomes and patient-reported outcomes of a randomized controlled 
clinical trial have been previously published (Sangiorgio et al, 2017; Santos et al, 
2017) while the present animal study shows the complementary histomorphometric 
results, including exactly the same treatment groups. The clinical study (Sangiorgio 
et al, 2017) showed that root coverage was 68.04% ± 24.11% for CAF; 87.20% ± 
15.01% for CAF + CM; 88.77% ± 20.66% for CAF + EMD; and 91.59% ±  11.08% 
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for CAF + CM + EMD after 6 months. The comparison among the groups showed 
that the groups receiving biomaterials presented greater values for root coverage 
when compared to CAF alone (p<0.05). Complete root coverage (CRC) for CAF + 
EMD was 70.59%, significantly superior to CAF alone (23.53%); CAF + CM 
(52.94%), and CAF + CM + EMD (51.47%) (p<0.05). Keratinized tissue thickness 
gain was significant only in CM-treated groups (p<0.05). According to these clinical 
results, the hypothesis of an enhanced outcome by the combination of CM+EMD 
could not be confirmed.  Now it is interesting to observe the histomorphometric 
results of the present study showing a superior response for the EMD-treated groups 
in terms of new cementum formation and new bone. Taken with caution (it is not 
possible to directly extrapolate results obtained in animals to humans), they may help 
to explain the possible benefits of EMD in the clinical scenario.  
  A previous study (Vignoletti et al, 2011) have shown that CAF+CM may 
result in a shorter epithelium and a larger new cementum formation when compared 
with CAF alone, but not significantly. The present study showed that CAF+CM did 
not bring significant benefits in terms of new cementum formation when compared 
to CAF and was inferior to CAF+EMD and CAF+CM+EMD groups. Therefore, it 
can be assumed that the material may not exert a barrier function, what can also be 
indicated by the epithelium length for this group.  
 The results indicated that CAF+EMD and CAF+CM+EMD groups provided 
greater potential for periodontal regeneration when compared to the other groups 
(p<0.05). However, new cementum and new bone formed by the combined use of 
EMD and CM was not statistically significant different from that obtained with EMD 
alone. Therefore, this seems to corroborate the conclusion of the clinical study 
(Sangiorgio et al, 2017) that the combination therapy may not bring significant 
additional benefits. EMD may induce the formation of cementum and bone without 
preceding resorption (Hammastron 1997; Galli 2006). The benefits observed for 
EMD in the present study corroborate with previous studies using EMD alone or in 
combination with GTR techniques (Fujita et al, 2011; de Oliveira et al, 2005; Birang 
et al, 2012; Sallum et al, 2004).  
 The gingival margin was coronally located in relation to the coronal notch for 
all groups however the CAF+CM+EMD group showed the most coronal position for 
gingival margin (GMP) when compared to the other groups (p<0.05). In this study, 
complete root coverage has been achieved in all sites of all groups, i.e., the gingival 
margin was coronally located in relation to the coronal notch. The soft tissue 
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thickness observed for CAF+CM+EMD was significantly greater than the other 
groups (e.g. approximately 0.4 mm greater than CAF). This value is comparable to 
the observed for the combined therapy in the clinical study (Sangiorgio et al, 2017) 
where CM showed a small (approximately 0.3 mm for both groups) but significant 
increase in gingival thickness. One unexpected finding of the present study was the 
lack of soft tissue thickness increase for the CAF+CM group, not significantly 
different from CAF and CAF+EMD and inferior to CAF+CM+EMD. It seems that 
the combination with EMD was beneficial in this case, probably because of its 
biological effect on soft tissue healing. According to a previous study (Miron et al, 
2015), EMD may influence cells (enhances osteoblast and PDL cell attachment), 
tissue proliferation, angiogenic factors (VEGF, FGF2) and grow factors (TGFß) 
expression, favoring the healing process (Sakoda et al, 2012). The potential to 
improve soft tissue healing was clinically observed in a previous study by our 
research group (França-Grohmann et al, 2019), where the defects treated with 
semilunar flap associated with EMD significantly reduced the post-surgical tissue 
scar, which brought better aesthetic satisfaction for the patient and the professional. 
 In conclusion, the results of the present study indicate that EMD application, 
irrespective of the combination with CM, may improve the healing pattern 
(periodontal regeneration) of dehiscence-type defects in this animal model. More 
studies are necessary to achieve predictable methods for root coverage using new 
materials (with histological documentation), aiming the quality of life (Rocha dos 
Santos et al, 2017) of the patients.  
  
Conclusion: 
 The results of the present study indicate that EMD application, irrespective of 
the combination with CM, may improve the healing pattern (periodontal 
regeneration) of dehiscence-type defects in this animal model.  
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3. CONCLUSÃO: 
 
 Os resultados do presente estudo indicam que a aplicação de EMD, 
independentemente da combinação com CM, pode melhorar significativamente o 
padrão de cura (regeneração periodontal) de defeitos do tipo deiscência neste modelo 
animal. 
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Apêndice 1: Figuras 1,2, 3 e 4 
 
 
Figura 1: 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
Figure 1. Defect creation. (A) Full-thickness flap with bone crest exposure; (B) Deiscence-type defect of 5mm 
(depth) x 4mm (width); (C) Flap moved apically and stabilized with sutures, exposing the root surface; (D) 
Gingival recession created after 1month of tissue healing. 
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Figura 2: 
Figure 2. Treatments of defects. (A) CAF; (B) CAF+CM; (C) CAF+EMD; (D) CAF+CM+EMD; (E) Flap suture; (F) 
Clinical aspect after 3 months of healing. 
 
Figura 3: 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Histometric parameters. (Based drawing of Fujita et al, 2011) 
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Figura 4: 
 
 Figure 4. Histological sections of the treatment groups: (A) CAF; (B) CAF+CM; (C) CAF+EMD and (D) CAF+CM+EMD- 
Masson's Trichrome 2,5x; Arrows indicate new cementum formation. 
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Apêndice 2: Tabela 1 e Gráfico 1 
 
Table 1. Histometric parameters evaluated in the different groups after 3 months after treatments. 
 
 
 
 
 
  
 
CAF 
Mean ± SD    
(IC 95%) 
CAF+CM 
Mean ± SD 
(IC 95%) 
CAF+EMD 
Mean ± SD      
(IC 95%) 
CAF+CM+EMD 
Mean ± SD        
(IC 95%) 
p 
Gingival 
Margin Position 
(GMP) 
1,64 ± 0,72a 
(1,04 - 2,24) 
1,11 ± 0,73a 
(0,5 - 1,72) 
1,84 ± 0,6a 
(1,34 - 2,34) 
2,23 ± 0,53b 
(1,79 - 2,66) 
0,015 
 
Total 
Ephitelium 
Length  (TEL) 
2,76 ± 0,84a 
(2,05 - 3,46) 
3,22 ± 0,93a 
(2,44 - 4) 
2,1 ± 0,49b 
(1,69 - 2,51) 
2,12 ± 0,71b 
(1,52 - 2,72) 
0,017 
 
Epithelium on 
the Root (ER) 
1,71 ± 1,01a 
(0,87 - 2,56) 
1,96 ± 0,76a 
(1,33 - 2,6) 
0,34 ± 0,45b 
(-0,04 - 0,71) 
0,72 ± 1,06b 
(-0,17 - 1,6) 
0,002 
 
Soft Tissue 
thickness (STT) 
1,14 ± 0,29a 
(0,9 - 1,38) 
1,04 ± 0,34a 
(0,76 - 1,32) 
1,09 ± 0,26a 
(0,87 - 1,31) 
1,5 ± 0,33b 
(1,22 - 1,78) 
0,025 
 
Connective 
Adaptation  
(CA) 
0,27 ± 0,11 
(0,18 - 0,36) 
0,26 ± 0,09 
(0,19 - 0,34) 
0,33 ± 0,21 
(0,15 - 0,5) 
0,39 ± 0,21 
(0,21 - 0,56) 
0,397 
 
New 
Cemmentum(N
C) 
2.72 ± 0.81a 
(2.04 – 3.4) 
2.94 ± 0.77a 
(2.3 – 3.59) 
4.13 ± 1.22b 
(3.1 – 5.15) 
3.95 ± 1.11b 
(3.02 – 4.88) 
0,002 
 
NewBone (NB) 2,29 ± 0,82a  
(1,6 - 2,97) 
2,15 ± 0,47a 
 (1,76 - 2,54) 
3,01 ± 0,56b  
(2,55 - 3,48) 
3,21 ± 0,68b  
(2,64 - 3,78) 
0,005 
Total Defect 
Length (TDL) 
4,7 ± 0,47 
 (4,31 - 5,09) 
4,98 ± 0,64 
 (4,44 - 5,51) 
4,78 ± 0,58 
 (4,29 - 5,26) 
4,9 ± 0,34  
(4,61 - 5,19) 
0,720 
 
E 
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Graphic 1: Histometric parameters (root surface) expressed as a percentage of the total defect length.  
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